The association between *Vibrio cholerae* and aquatic environments has long been studied, but emphasis has been almost exclusively placed on coastal areas such as the Bay of Bengal, the point of origin of cholera. There, outbreaks are closely linked to estuarine areas, where environmental *V. cholerae* strains emerge and then spread in human communities during the monsoon season ([@R1]) by attaching themselves to surfaces provided by plants, algae, and zooplankton ([@R2],[@R3]). Some recent studies have investigated environmental and climatic factors that may encourage the spread of cholera in African countries ([@R4],[@R5]); these studies also focused on coastal areas. Except for 2 case--control studies performed in Burundi and Kenya ([@R6],[@R7]), little is known about the epidemiology of cholera in inland areas of Africa. A recent article, based on the analysis of 632 reports of cholera outbreaks worldwide, has shown that 87.7% of cholera cases occurred in sub-Saharan Africa and that the highest concentration of outbreaks was in the eastern provinces of the Democratic Republic of Congo (DRC) ([@R8]). In this country, dozens of emergency programs have been implemented by humanitarian organizations, national health services, and international agencies; they have, however, failed to achieve long-term control of cholera epidemics. To search for environmental factors that could explain the recurrence of cholera outbreaks, we conducted an epidemiologic study in 2 inland provinces of the DRC severely hit by cholera.

The Study
=========

From 2002 through 2005, reports of cholera cases and deaths from cholera were collected weekly from each health district of Katanga (497,076 km^2^, 9,598,380 inhabitants) and Eastern Kasai (170,103 km^2^, 6,713,009 inhabitants) with the help of local and national staff of the DRC Ministry of Health. The definition of a case-patient was "any person 5 years of age or older in whom severe dehydration develops or who dies from acute watery diarrhea"; the age limit was lowered to 2 years for cases associated with confirmed cholera outbreaks, as recommended by the World Health Organization (WHO) ([@R9]). Each new outbreak was confirmed by culture and identification of *V. cholera* O1 from 5 to 10 stool samples.

For 2000 and 2001, only cumulative data collected weekly in each province were available; no detailed database was kept. However, data were completed with information from reports of epidemic investigations and interventions (105 reports filed from 1999 through 2005) and the testimonies of medical teams interviewed during field visits. A geographic information system was established, based on the data collected from the 106 health districts of the 2 provinces. Six health districts were removed from statistical analysis because \>10% of weekly reports were missing ([Figure 1](#F1){ref-type="fig"}). Using regression techniques ([Technical Appendix](#SD1){ref-type="local-data"}), we statistically examined the relationship between the number of cholera cases in each health district and the following list of geographic and environmental variables: area; population; and presence/absence of cities of \>100,000 inhabitants, of railway stations, of harbors, of major tracks or roads, and of lakes.
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A total of 67,738 cases and 3,666 deaths (case-fatality rate 5.4%) were reported from 2000 through 2005 in Katanga and Eastern Kasai, which corresponded to 8.4% of cases and 19.6% of deaths worldwide recorded by WHO during the same period ([@R10]--[@R15]). Relatively calm periods were separated by episodes of exacerbation between 2001 and 2003 ([Figure 2](#F2){ref-type="fig"}). In 2000, epidemics were reported only in the areas of Lake Tanganyika and Lake Mweru (on the eastern border of Katanga). Only a brief outbreak (752 cases) was reported in Lubumbashi, the capital of Katanga, located in the south. The first exacerbation began in the middle of 2001, when thousands of civilians, trying to escape civil war. fled from Kalemie (bordering Lake Tanganyika). From May to December 2001, cholera outbreaks were reported in various cities of Katanga, including Bukama (center of Katanga) and Lubumbashi. From Bukama, outbreaks spread to the lakes north of the city. A peak was reached in March 2002, followed by a period of marked decrease, during which cholera persisted only in lake areas. A second exacerbation began in Bukama in August 2002, when fishermen returned from the lakes to sell their catches. This outbreak rapidly spread to Mbuji Mayi in Eastern Kasai where, as discovered during the outbreak investigation, the first case was in a tradeswoman who had traveled by train to Bukama to buy fish. In Mbuji Mayi, the cholera epidemic lasted until June 2004 and accounted for 4,949 cases. Concomitantly, in September 2002, another outbreak started in Lubumbashi; it lasted 9 months and affected 4,288 people.
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Since July 2004, cholera has persisted only in lake areas. In the north of Bukama, this persistence has been due to iterative outbreaks, successively affecting cities and villages on the lakeshores. Cholera has also persisted on the shores of Lake Tanganyika, especially in the health district of Kalemie, where no lasting intermission has been recorded.

In our study, most cases (60%) occurred in lake areas (13% of inhabitants of the 2 provinces) ([Figure 1](#F1){ref-type="fig"}). The number of cholera cases was statistically significantly higher in the presence of a lake, a main road, a harbor, or a railway ([Table](#T1){ref-type="table"}). The analysis of reports filed after each intervention showed that they were not conducted in the same way in each area. For every cholera outbreak in Mbuji Mayi, Lubumbashi, and other main cities in southern Katanga, medical staffs were reinforced by humanitarian organizations to set up centers for cholera treatment and to implement public awareness and information campaigns. In contrast, in lake areas, humanitarian organizations intervened in only 17 of 54 outbreaks. Interventions almost exclusively targeted patient care and sensitization campaigns were rarely implemented. Mean duration of interventions was 6 weeks (range 2--20) in lake areas versus 20 weeks in big cities (range 10--30).

###### Model parameters and odds ratios of the negative binomial model selected for cholera cases in Katanga and Eastern Kasai, Democratic Republic of the Congo, 2000--2005\*

  Characteristic    Coefficient estimate   Standard error   t value   Pr(\>\|t\|)     Odds ratio   95% CI
  ----------------- ---------------------- ---------------- --------- --------------- ------------ -------------
  Intercept         5.50                   1.04             5.27      8.92 × 10^−7^                
  Ln (area)         −0.28                  0.11             −2.44     1.64 × 10^−2^                
  Population        1.97 × 10^−6^          1.17 × 10^−6^    1.69      9.46 × 10^−2^                
  Railway station   0.61                   0.25             2.42      1.74 × 10^−2^   1.8          1.12--3.02
  Harbor            1.39                   0.33             4.16      7.06 × 10^−5^   4.0          2.09--7.75
  Main road         1.43                   0.41             3.50      7.09 × 10^−4^   4.2          1.88--9.32
  Lake              2.01                   0.33             6.12      2.20 × 10^−8^   7.5          3.92--14.23

\*Coefficient estimate, regression coefficients (for discrete variables, their exponential gives the odds ratio); t value, value of the t distribution; Pr(\>\|t\|), probability of the null hypothesis of a coefficient estimate not statistically different from zero; CI, confidence interval; intercept, average number of cases; Ln, natural logarithm.

Conclusions
===========

Our study shows that, despite the difficulties encountered in gathering reliable field data in a country with a civil war and a disorganized healthcare infrastructure, a consistent set of results that help to understand the epidemiology of cholera in the DRC could be obtained. Information pooled from maps of the spatial distribution of cases, statistical analyses, and screening of investigation reports shows that lake areas are the source of iterative outbreaks and that these sometimes spread to main cities hundreds of kilometers away because of the movements of traders and other travelers. Although we fully acknowledge that the correlative nature of this study calls for further research to understand the details of the local natural history of cholera, our results show that the strategy used until now to combat cholera should be reexamined. Maximum effort must be concentrated on populations living around the lakes. Cholera prevention programs should be reinforced there, and safe water should be provided, especially during cholera outbreaks. Because the targets of the programs are relatively small populations living close to lakes, these programs could be more easily afforded than those implemented on a provincial or a national level. In this way, main cities, which are still under the threat of a new outbreak spreading from the lakes, would be protected.
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